We construct a vertex operator that describes the emission of a ground-state tachyon of a NS closed string out of a noncommutative NS open string, where a constant B field background is lying along directions parallel to a D-brane world volume. The B field puts some constraints on our vertex operator. As a consequence, the NS closed-string tachyon can emitted only along directions of vanishing components of the B field parallel to the D-brane world volume. Upon this observation, we would like to give a conjecture about space-time compactification when there occurs the NS closed-string tachyon condensation. *
I. Introduction
Recently a physics of the open-string tachyon condensation draws much attention [1] . There is a conjecture that after the tachyon condensation, unstable D-branes disappear and end up with a bunch of closed strings. In order to describe such phenomena, there have so far been published many papers [2] . On the other hand, especially interesting is a model of open strings propagating in a constant antisymmetric B field background. Previous studies show that this model is related to the noncommutativity of D-branes [3] , and in the zero slope limit to noncommutative gauge theories [4] . More about this model, there arises an observation that the tachyon condensation is simpler in the case when large noncommutativity is introduced on the D-branes [5] .
In the present paper we would like to construct a vertex operator that describes the emission of a ground-state tachyon of a NS closed string out of a noncommutative NS open string, where the constant B field is lying along directions parallel to a D-brane world volume. This is a generalization of our previous work for bosonic strings [6] . Such a vertex operator is a fundamental object when we consider the interaction between open strings and closed strings. Moreover, it will play an important role in understanding the tachyon condensation mechanism. In fact, as we see below, the existence of the background B field puts some constraints on our vertex operator. As a consequence, the NS closedstring tachyon can be emitted only along directions of vanishing components of the B field parallel to the D-brane world volume (we denote these directions as D // ). Upon this observation, our conjecture is the following: The closed-string tachyon is able to couple with a graviton. Hence, at the closed-string tachyon condensation, the gravity along directions D // would become very strong, so that the curvature of space along directions D // might be so large, eventually the space would be tinily compactified.
In Sec.2 the action and boundary conditions of the NS openstring are given when the constant B field background is present. In Sec.3 we construct the vertex operator that describes the emission of a NS closed-string tachyon. The final section is devoted to concluding remarks.
II. NS open string in a constant-background B field
The action of the NS open string in a constant B background is
where
2)
in the familiar notations. In the following we set α ′ = 1 for simplicity. In terms of the component fields the action (2.1) is expressed as
Here we have eliminated the auxiliary field F µ (z,z) by using its equation of motion, and
The constant-background field B µν is assumed to be lying on a D-brane world volume, which extends along (x 0 , x 1 , . . ., x p )-directions. Both ends of the open string X µ (Z,Z) are attached on the D-brane. The boundary conditions on the string coordinates are imposed as follows:
where the latter is the Dirichlet one along directions transverse to the D-brane, whereas the former is a mixed one of Neumann and Dirichlet along directions parallel to the brane world-volume including time. These conditions are reduced to, for the bosonic components, 5) and for fermionic components
The mode expansions along directions, µ = 0, 1, . . . , p, parallel to the D-brane are then given by, with a notation B ≡ tanh β,
and
The mode expansions along directions, i = p + 1, . . . , 9, transverse to the D-brane are, by setting β = 0,
where c is an arbitrary real constant. We find that the commutation relations among the oscillators are given by
for all components, µ = 0, 1, . . . , 9.
III. Vertex operators
We construct a vertex operator that describes the emission of a ground-state tachyon of a NS closed string out of a NS open string.
Let us define a contraction by < · · · >=< q = 0; vac| · · · |α 0 = 0; vac > .
(3.1)
For the components µ = 0, . . . , p we have
Now, we assume such a vertex operator to be V (X(Z,Z)) =: exp{ik · X(Z)} :: exp{ik ·X(Z)} : . (3.4) Here the scalar products in exponents consist of the components µ = 0. . . . , p. In the following we would like to show that this is a right vertex operator under some constraints for the external momentum k. For this purpose let us rewrite Eq.(3.4) into the normal product. After straightforward calculations we find that under constraints
Eq.(3.4) can be rewritten as V (X(Z,Z)) = −iZṼ , V =: exp{ik ·X(Z,Z)} :, (3.6)
The super Virasoro operator is given by
where the energy-momentum tensor
consists of all components, µ = 0, . . . , 9. By using Eqs.(3.2) and constraints (3.5) , the operator product expansion of
Since the right-hand side of (3.10) consists of total derivatives, the action of the vertex operator (3.6) with constraint (3.5) shows to be superconformally invariant.
Next we take into account of the other components, i = p + 1, . . . , 9, transverse to the D-brane. In this case the vertex operator consists of these components. The left-hand side of (3.10) is then calculated to be LHS of (3.10 
. The right-hand side of (3.11) cannot be a sum of total derivatives for any value of k 2 ⊥ . Hence, we see that the vertex operator should be excluded the transverse components X µ , µ = p + 1, . . . , 9. This requirement is achieved by a constraint of the momentum k ⊥ = 0.
IV. Concluding remarks
The mass of the NS open-string tachyon is given by
whereas that of the NS closed string tachyon is
Since the external momentum in our vertex operator (3.6) is subject to the constraint, α ′ k 2 = 2, the external field corresponds to the NS closed-string tachyon. This shows that our vertex operator (3.6) with constraints (3.5) describes the emission of the NS closedstring tachyon out of the NS open string.
Our vertex operator consists of the coordinates X µ (Z,Z) only with components µ = 0, . . . , p, which are parallel to the D-brane. Since the vertex operator does not contain the momentum transverse to the D-brane (k ⊥ = 0), the NS closed-string tachyon cannot be emitted along directions transverse to the D-brane. This tachyon can move only along directions parallel to the D-brane, subject to the constraint B µν k ν = 0. If we bring B µν , (µ, ν = 0, . . . , p), into a canonical form, the constraint yields
3) k ν = 0 for B µν = 0, (4.4) This means that the NS closed-string tachyon can be emitted only along directions of B µν = 0 and also parallel to the D-brane (we denote these directions as D // ). According to this observation, we have a conjecture as in the following: The NS closed-string tachyon is able to couple with a graviton. Hence, when there occurs the NS closed-string tachyon condensation, the gravity along directions D // would become very strong, so that the curvature of space along these directions D // might be so large, eventually the space would be tinily compactified. Thus the extra space including time transverse to D // would remain uncompactified.
